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Resu l t s  cl f  t 3 e  investiga.t i .on a r e  a measure or? -the c c r r e c t i v e  v e l o c i t y  
increment -ecp-~irercez;t alld t h e  vel i ic le  s t h t o  dev?aJ~i  oil and u;icei-ta.in%;i. i n  
t h e  neigilb3rlr,~od of t h e  docliiilg interfec,e ts.bulhtei? fclr ea,ch ~ilea,sul'emel?t 
coili"3.gi1~a,"iio11. For nc~mina,l. spec5.f j.ec? p r e c i s i o n  arid qei-a.ti.03, t h e  o ~ i e r a l l  
perfo?:r~:a.~ce of Yns ciptica.1 t zacke r  was b e s t ,  foll~1;!ecl i n  crrder by t h e  EF 
sexta;nt coa~binni ion ,  t h e  s e x t a n t  a!-one and t h e  radar.  
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pj3.s ]fi?t-j.v;~t~.c? b;: G-ci<a,rice CJ3:itr~l. j]i_visi~!n i~iyesti:;z.ti.i> of i:e>>].tic:r: 
I .  ) m e l l J ~ s  f ~ r  t;j~e ~ ~ - c ; ~ J . Q ~ T . T : ; ~ . ~ : ;  :~ -~~~: ; , -?  j.~!~i,;p,~:l.~i:,j~:~:~L C I ; ~  -t,l:p .4pz,1].3 (-!c;r:fi*~!2.71~3~ 8113. 
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fc>-i. 'Gkie :YL?>c>T. elei;,ents sf' t h e  irrlis:rl.sn . 
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to f-:-,e .,-- 6 i s g t : ~ ' ~ i r ~ r i  --- cova:.ie.n(.:e lfi:!.t~-i;~: p ~ ! ; e l . i ~ ~ r ~ l :  cei..d;aj.n ci,it.clrj.e 
. . 

. 3 u ~ i l . z  i;'i%c: terfi;<r,c;l p?~; ;ce .  2. siimil.er ] . . i ~ e a ~ i z e $ .  gu'idarrci: tecm?~.ouii  
. ,  i s  used -to GeJiei.i:!ifit2 ac';<lj.tl;.onc.l. vc:l.r_?:.ity incril-:;e-r!'t recl:,j.ired. a-i; eacli 

nop!-inal col-rect isn ciue t o  t h e  d i s p c ~ . s i o n s ,  

r e s i ~ l t s  of - t h i s  -ul-ograi;i, - 3.s preseni].y re;;ori;ed, a r e  fQ!g 
ve:Locii;y incre~riz:rli, f'i'or raidcourse correcJtii.ons and f ' o ~  cIi.sper.sio~ls about 
t i ie nomina.1 terminal.  correc-ti=i?s,  and t h e  FIv63 u.ncter%a.inties anc? de-ria.,- 
ti.ons i n  p s i - t i c r L  ?and  rel lo city i n  t h e  docking neSg!?_oorhooci. Tiiriese 
q y a n t i t i e s  pro-v-icie a-r;l e f f e c t i ~ r e  mea.su.re of  -bile r e i a , t i ve  m e r i t s  oI" t h e  
vs.rious nlea.sur.e~iier,t sctiier!le s inves"ii.gatec1, 

Yr,e mez.surri:~er~t scl~cmss consi dereci were : 

s ,  . , -  . 2nd c:ithej: ~ 1 1  ~ 2 l t - s ~  qua,rj i;iAiies, lir.,!.1&e al-one, no-i:.i-Li.3g d17.?.i;?g -LC:i,.:i - 
n a l  phase.  

d. --- Sexta:nt --- - ri~easu.ring azj.muth and e l e v a t i o n  angles  Troli-i c?n 
i n e r t i a l  re fe rence  dur ing  t h e  midcourse plrase,no mezs i~~emen t s  5:n t h e  te:-~!?S- 
na.1 pliase. 

A rilmber of ciiffereiit  i n i t i z , 1  dispt:;-sj.on me t r i ce s  e~ i -~ -e spo : r iC i i~~ .  'LC? 

v a i . i ~ ~ ~ . s  contipgericj-ps Fiere used -to e x e r c i s e  t h e  a i > ~ v e  I : IF~Z s~:t:i.~l2; ~cl-ielile~ 
i/;i%'il vary ing  errcoy conf i g ~ ~ a - i i o n s .  



Tile t rane j . J~ io l>  ~r~a, t i - iccs  used t o  ex-Lrapol.ate t h e  i n i t i a l  c~vai-ia;ilct: 
ma t r i ce s  f o r  dj.spersli.ons i r ? _  1ZT:i p o s i t i o n  and ve:iocity anci t h e  ?,ssocia.ted 
cova.r imce rrlatrix of  W:K u n c e r t a i n t i e s  ( e r r o r s  i n  t h e  estirna'iion of  t h e  
vehic1.e p o s i t i o n  mci vel.c,city) a r e  developed in A~penclix A.  The follow.i:ig 
e q ~ ~ a t i o n s  s ~ u ~ ~ f i a ~ i z e  t h e  cornputaticns recpirecl.  

Let  

$5. ,* * *% 

be t h e  m l c e r t ~ : , : i . ~ ' ~ i ~ s  i~ki t h e  ty;;..jectary esJ~i:.;;t62 ( i s? .  g.i~:$~~,~ i s  tkJe 
esti.1-nnted pos i t io l?  di.spel-sioi-I) . Tke 7.j.nearized &a,-tistl .cs of  t l ie prol~lem 
are  descri-bed by t'nc co?ia.i-iancc mn,trices 

.P! f .& f t--.:,.. 8 h $ ---- --- E, { $A 2{- <-$3 
L --=-.> i-.-., 

2 



f< and t, j=-~- .~~ - -- v fzz+.p$ 
--->- ,>,--A 

)L?_ti?oi~.gh alialy tl ca.2. s o.?~~.tior:s: exist for- i;l?c 1;Et.I a.nd CSM s t t : t e  e g u ~ . - L j . c ~ ~  s , 
-< 

t,'.l-~e ire~c? i ~ ~ i - r ~ ~ ~ ~ ~ , e d  eloi-:;; 7Jiti.: {;be t;->,ns.rtj.cll ni~.t,~-j.7,i <'.: . . f,>y ~i;~:; lg. i ;~?-.  

j , ipnt l ]  c?;?_-~.i~rjieri~~~~ Tr.e -L:~5j~,-$,o.L~2; 11?L;L3-~-11 ~ ~ ~ 6 -  2 ~ ~ - L 2  te ,~~l~l<q.Ll~c2 fc!:-. c,:.~<~.-r-' 4_ : . ! i .  -. 
1 , - . -r 

, . 
LL ,2 ?.].,:,;I;,. yc:2J-e;y!cp A ( , ~ - ~ . ~ j ~ ~ j , ~ , - ( , - -  ;.;:e I],?,,; , u ~ o , j  oy J~:Le c~,~,r::.::j.s;>!:,? i-;;;~,~,.r? r , F , r .  d 

esta3~li~hed. 



- -k 
7,~Ilere i; , t i-e.:'ei- - - t,c - i ; k ~  beTor? and. a , f te r  t1i~~_-incorpora-tt ion of t h e  
rfieasuj:ement yri.th rer--  ,p-.ci; P t o  sta.te e r r o r s ,  axd o<& i s  t h e  tali-bra-'~eci. 
variazlce of -the instrui~!ent.  

I!l!plici't i n  t h i s  p r e s e n t a t i o n  i s  tha."i,3,.11 t h e  in.st,vu~rient e r r o r s  
a1.e t r e a t e d  a s  if t h e y  ha-3 ze ro  nieai.. This  L-,-sJ-.-- Lr t..,,~~!~eni; i.s made poa s i b l e  
by t h e  si.nciple tecl~!i.:ic;uc of e d c i i ~ g  t h e  b i a s e s  of t h e  i~~st i r ,men-is  t o  t h e  
cpa'nt-ities t o  'nc esi;ivL~:ted a:xcZ processring t h e  meesu-re~nents sucl? i;haJti 
b i a s  e:;iimstes a.re _rsz,lj.zeii_ r.ig1-I'L a.lnng brith the veh1.el.e s-Late es-iima.'ces. 

(b ) Vec-Lor -r;l,easuremen-'cs ( i . e . , range,  a.xi-ii:~~-th and el-evat ion 
niea,su.reci s i rn i~ . l t aneou . s~~)  ar? irea:tcci a s  a, secl~~.ence o r  s c a l a r s  and a r e  
in-trociuced one pi.ece or i.iif'or*mation ai; e t i n ~ e  i j l t o  t h e  e s t  ,-. i i -~-~-- '  !:I, j.0~1 scheme . 
T.'his i s  p roper  only  i.f t h e  ei-i-ors i n  t h e  vec:toi:' m~?a.siri:eii~en"i are n o t  
co r r e l z , t e s  f ror;, cle11;e.n-i; t o  eL~_i:1~i?.'; and i s  3, --- i cc;.-,0~3]jle - .- ~i .c ! -~2l i f ica t i_m - 

f o r  'chis problem. 

( c )  The ~~~es,s?,lremznt biases a1.e a.s s~rned. consta-n-'i, , This assu.rrption 
is good. as l ong  2s 'i.be bieses T;:..I"J ~10~~ l j i  >::i!,h i -e~y5c- t  t o  t h e  r~le,?.suvemenJ~ 
r a t e .  The most signj.l'icaiz2ti ' ~ j i a . ~  i s  ge i le ra l ly  platform cl-rift, and t h i s  i s  
slo-:: con!-pai.zd - " i , ~  t h e  mi?asu.?-eillent r~~- 'c .e  of ti?,- schcrrles i.ilvestiga/~ecl. 



. , 1 -~ ,\ a q7., lc ;3] i.::.;:. -L.-# c;>L:.] ;:.:: ?: (.(; ;< ~ 1 - i .  I:.<: I'*>lL, - - -  ,- 
.Y r . . .  - 1 .  ~ - 

- - J.L. 'VCL. ! , ? C l  
, - 

p JL,-;;,2 c-<.5:f,~j -![?k :;-<)$--- - ?2c!-<).,., ... - r . c , , > ( x  * -.,,. ~ i .  . !I ( - . , - , - .  ..,-- - - , I ( >  L': 
-. . - , 
"<;;<~:14i~ ..-I- r-.,.;'C',T7,.,-- i - -1 .  _ I . - .,. c: . . . ~  :.'c, ; , c, ,- ~7% -c> 2 -! ,', , 1 r , .- , 

2. - . . . , pilasi? v,as cofi;-Ldcretf: t o  'ue i'.ror:! cuk...oi-'f c~:f -the ,..scent si:..-k,e t o  -the poillc 
ril?e:I-e ille rel.t,.tive y a ~ z e  70et;.2e~3 -hl?e I;!-';? ,u.L -I?;? ,. ~ 3 t . 1  had. ~ < > C Y C ~ , S C C I  kc) 6 i:.i:i, 
r7'k-. LL,L  ter!:!inal -0Ila.se e.:ter;&d f'rc,~:l tl.lis ccnc?:i-tion -Lo a. range c:f 250 f t .  2nd 
a r e l ? . t i ~ e  vei.i^ic:i.-Ly of ebon-t 5 f t . / s ee ,  The a.s'cl-o~-i a.ut cc?ul.d a s  ~ L I I : I ~  r:!?.nu.al. - 
co-ntrol f o r  t h e  dc3cl.:jng I~:~!I~LI.VCT 2 . t  ,or p r i o r  t o  t'ni s p o i n t .  ln t h e  d i s -  
cl~.ssic;ll t,lla.'~ f'ol:Lo:rs, t h e  rn idco~zse  p!liz,se i s  'crested f i r s ' i  anc? t h e n  t h e  
te3:mi.na,l rend.ez vons porkion i.s d i scussed .  

'J"e midcci~?.rse gu.ic1.ance i n  t h e  PDT! scheule i s  achieved by calcula,ti.ng 
exi,:lici.-l; v e l o c i t y  c o r r e c t i o n s  based on solui;i.ons t o  La13be~t 's  problem f o r  
a fi_w,ecl t ime of tr2.nsjner frori?_ a.n i.ni-tfi8,l p o s i t i o n  t o  a, t a r g e t  posit , ioll  
p r e s  cri.beii i n  i-ilerLii.a l spa.ce . &~ri.ng t h i s  phase,  t h e  LEN i s  a,ctual.ly 
guided. t o  i n t e r c e p t  t h e  CSi?: a t  a. s p e c i f i e d  'cime. Siilce t h e  on-board @id.- . . a.nce i s  b~,seci  o-r, es-i;imaJ~ed sta:te ve.ria.l:les, a c r i t c r i o a  3.s ~ntu.od:~?:rced t o  
i j1~ur.z 15hz.t -\ie!.ocl t:; co i .~ , e  c t i o , . ~ ~  a r c  n,:icie st p o i n t s  1;'ilei:e t h e  es t imated  
-j ray.,, .3 i- < . 7  

,.,!,,. ?._ca is of ~.:)93 ~ u a l i . t , y  - ri;i:i ati-:;e i;:, {;he r e a u ~  - r e c  vel_oci.t;; i ncre-  
rr!eilt 3,:lcl to : ~ i . n : i t  -bi-L- io:,h; n~:ii;l.;r~er c ~ l - ~ e c t l ; c r ! s ,  

Sirlce a l fn t .a . - / . i z~d  s ta . i : l s t icz , l  r - . p ~ e s ~ . : ~ i . ~ , i i i ~ ~ l  of t':e disp_ler:;fiarls is 
used,  j.t j.s ccn-b~ellien-L t>  li.nesrj.,e i;lrie g~~.ri~dan.ct:: s y;-ell.. A very  nstui-?.I. 
, : L 1  1 .  - . ::!.rccj.dy f'i.eqL;.e!ltly 11.~e(i 2 s  2 space 

- .  
cqjj.d+%+~ce tr;:c"qig,ie, yI:j s r.ilckj:,jd de,>e,l&s QE dc:~:e.l.c;1)1:j,g 2 tycjn,sii;icyr r::c?,?:.i~x 
0 - - -  - 

t,jC)li{<, t I i t i  r e _ r r r ; . i  ';<; ' ~ i  . .  " . -. L-r , i ' , J .  i;o --.n' .-'- .> 
\ , - \  . - . L  b- 'd.dc.,-L8~.- ., L2.,; .:,<.. p3:,iL,<Q:-i zL:rlcl. ~?c:loci*,;7 d.<:3~j~::.~c>j..21?5 

a t  a desirelil c s r r e c t i m  p o i n t  t o  p c s i t l o ~ l  ii~:-<:l,=";ions 3.t t h e  ''i3?geJ~ p o i n t .  
Thus, t h e  veloci-Ly increl!i.en?-: r e q ~ ~ . i r ~ ; c ?  can be  calculakecl a.s a l i n e a r  func t ion  
of  t h e  posiJcion alld v e l o c i t y  d.eviations a t  n r  a.rbitra,ry poi.nt,  The c?ei;a.i~ls 
o f  t h e  develop,.clent of  t h i s  method a.re prese-nted i n  i ~ p e i l d i x  C, inclu-ding 
a sinlple tec lx~iq l le  f o r  ca,lcu.la-i;ing t h e  gilidance t r a n s i t i o n  ~ i !a t r ix .  1% 
sl~ould. he notec?. t h a t  si.nce t h e  r e p r e s e ~ ~ t a t i o n  ci" t h e  d i s p e r s i o n s  consi.s-is 
of  a cova r i a l~ce  rp-atrix, 'che vel.ocity incrrement -/.e:pi~red can a.lso be  
cha-rac-l;e>-ized 2 s  2. cov;;~-i.ance rn8.k-ix c ~ f  Yne vs.r5.ances a.nd co:rrelai;rions of 
ee,ch of t h e  i ~ ~ c i _ . t j . n l  cc)rnpo:rLents - of' ' i l~~e corr.ect:i_?re velocity iricren!erit. 
Ffii le t h i s  repr .eaentat io~:  ccr!'c;i.j.ns mre ir!f'oz.r.:aJ~i.ai-1 t h e n  a, 
cj~u.:?.si-detem~i:(;jjs'iiic v-l.oci-ty increr:!ent genera.ted by a Monte Carl-o 'zechnicp~e , 
it c l e s  l l c ) t  e;.r_)l.-icitl.;,r &escr.ibe t h e  f ~ e l  rrei~~1.i.rezent, Tfiis ca:n be  seen 
_ii~!iiedi.et;ely if' on- no-bes t h a t  ezch cc>:rqonen-t of t h e  coi-rective v e l o c i t y  
has a zero Ij:ean, t.11.t t,he f u e l  ~~c:c~-u~i.~e;'i.cnt a.sscci.ated i.l.ith each i s  neces-  
s a . r i l y  nos-zero s i n c e  i-i; d e a l s  on ly  r. , f t l !  t h e  n!~gmi_t~~.cl.e of the c o r r e c % i c r ~ s .  
I-ic;vievc:r, the  5j.S va lue  pr~jvjdecl. by tile t r a c e  o:? t k i s  ma t r ix  does provifie a, 
rfi"asu7.e of per-L'-l/'l:fiie:rlce u s e f u l  fc)r t h e  c ~ : ; ~ ~ ~ . ~ i . s o . ? s  des i re i l  i n  t h 5 s  s tudy.  





" -z ->- - 

\ h e r e  CS'~* i s  t h e  varia-nce in t a i l - o f f  er~or an? 3% is t h e  

- , I  n - - ? , L  L 7  -, .,-.-,.. -~ - , - <i .,. 
,j,_lci <. bile % ' a.;.,-: e cce:!iiroi':;:+;~1, 5 : ; ; . ] .F  .. L.L -. ~jr:: i GL!C! :- a >  .-, :.-,-,c -. 2.!s~: . , - :~-?- .  .- 

~~!iseiiner~ieilts of' "h.2 pl.,tf oi-l!l a.nG '~hi: ii~-fo].\rc s CJI~.  6f~?,g~!l;l.IL ~ j . ? i : l ~ . j i ~ ,  s 
of D. Q is de ta i l ed  i n  A9peadi.x D, 

Finally, the  veloci.i;y requ.irei;le:ilt r!?ea,sur7e for t'ne midcozrse phase Is : 



Tne tec'rinici~~e 2,s isliyl.erae::lted co'nsisis of t e s t i n g  t h e  ~..xnge u n t i l  a 
cl;lec!;point i s  cros:;ed, then usin;: t h e  ec~~~.ivalei i - t  r.c?~lge-rete t o  ca,'!_cu.late 
a t ime unt i l .  re-ndezvou-s : 

The p o s i t i o n  of t h e  CSM a% t + t  i s  predictecl, a n d  i s  u-sed toge the r  
g G  

iS,h t h e  LC;5:?ii1 s j?rcesei;lt posi-Lion ?:I-L~L t o  f c:T!;~: !;er;~Sert ' s pri;:>i?l.enl., 
e:?.,b'ij.r:g -tile g~~.ii'.l;lice t o  so!_.-rc. a.x;)l.i.citl.y th.2 required pre:;en"i 

, . ~ii:l.c,c:i.ty, yi:~j:i ~.i:e~i.:,.-~:~c~rr - i s  r:3t~tfij_ 2;t e::fi? c:h~:cl:_::o~~!.-~3 cxjs.i_-r;p; S.LI..--. 
. - - .  ce , c L ! .  -: --,., e-fi , L r.. .. ,2 >,.J c, -, - 0 : < - .,> , . tl]k> r{<:l,?t:~-~- <; -G c.1.0 :;j-l";{ -,;;~; :, c;-1 0s 1, tbc; r CI! z..b i-,,7e 

- - 
- -pe~!~ .p  , y ~ ; ~ - ' . l  i . , L i _ _  tkiz ~,~p:.,-icILc , .- . . -. l j .eh 7;j2~hiri 2. y{+gj -~ ; -~  ~,.f;;<;re ~ y - : l ~ ~ ~ ; ~ ~ ~ i -  ~ ~ ~ c ~ ; ~ ~ - ~ ; ;  i s  
iln .', qG,;-, JG:.. - . -, L C i .  

p;lr: prc?bl.r_.rri e,?; 5.rsd i s  to rrcc;ur t  -f'ol. -c~-:s <iffeci;s <1".i.sgc;i~si.c.r!s eild 
. 3 .  2 .  u.:r:cpi-j;a.int-;.t?s ?.;:.:-: ;.;CJ 'c,YLc: ~~.:~.~->~;,:~,:cjy! z.i>:l ' j .~~.-~l .c;~.~: , i~, : : . -<,] .~~ - ~r c j y : . ~ ~ < : ~ j . c ~ ~ s ;  c,:i 

1 1  3 .  LLIp C C J L . ~ ~ ~ ~ C -  lL, --.' .. - , j : ? : ~ -  - -  ! ,-,.-,-: <,-~'"y >-.<;~:jl~<yp~:,;;ij'~,. ~l-~,:~~:~~.i.~-!~,~.;~~ 2. 1 - i . ~ ~ ~ ~ > : ~ ~ ; < : t < .  C ; I I < ~ < ~ . : . ~ ~ ~ ; ~ :  
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J. be(2k-liouc 2;Lia:Lcgoi;.s L I ~ ~ ; L  o r  Uie I { ~ < @ ~ C G U L . S ~  p h a , ~ e  i;;&~ use< t o  <.i?_t~~-'-.~~i;-~-i 
b i  li._..-iL - 

tkie addi.t t ional 5.nr-ren~ent y.eq11.ired t o  nul.1 t h e  p o s l t i c n  d i s ~ e y s i o n s  a t  t+'cg.. 
I r i ~ l i c i t  i.n t h i s  approa.ch i s  t h e  a.ssuri~pi;inn ti1a.i; t i le p ~ s i t i o n  d i s p e r s i o ~ s  
a,l-e wlcha.nged dur ing  t h e  ve:l.ocii;y c a r r e c t i o n  o f  t h e  r e f e r e i ~ c e  t r a j e c t o r y .  
This  i s  co i~e is te i~-L wi.tl-i t h e  iinpu.lsi.?ie vel .oci ty  change a,lresciy ass~i~lec i .  
In pimgrarning t h e  :)rob:i.eii~, i!; ves dzci.ded t o  u.;e t h e  linea.r:izcl.'~:ioa of  
~;sa!ibci.t's problem t o  determine t h e  refel-cnce 'ira j e c J ~ o r y  v e l o c i t y  changes . !  . 8,s w e l l  ;is ' ~1 - i ~  ve10c"i~y ~ncl,er!iiiii'i; c ~ v e ? ~ i e . x ~ c e  ~ricstri ceo , T."ilis 7ia.s done 
heca.~:se t h e  accv.c?.zy of 1,ri?.r;iJert1s pr.obl.em i l l  a stueighq;Cor~iaardd forrr~ulc7.- 
t i o n  tencis t o  bi.,es:li dc?:;n j.n t h e  tei-~r:llila.l. r e n d e z v ~ u s  regrioi-i, iilriile t h e  
accuracy of t h e  linen.:i.izatiori. incr.e&ses -); i th clecreo,sing re:ia,tive x-~g~@;e. 
Fuy.'ihe-.  he trsfi:;i.i;.i_ on 1ilt;ti-i~~ LG t':le te.rgei; s ge.nc-il.ztefi 8,'00iit .the ; .  - .  
(ass~:zneci) c i r eu l s i -  CS?< o r b ~ ~ i ;  2ilzi:e en a n a l j t i c e l .  solubion f o r  i;h-i.s pro7bl.em 
j.r: avai1a.bl.e and t h e r e  i s  nrJ l o s s  ir! a,ccura.cy, The de.th.il.s of ti-le @lid.-. 
ante c!e-~-el-op;!~erl?. f o ~  t h e  termi.nn.1 re-ider,\.io~~.s p?-iase z::re in !<p~ce~-ic?ix -. - C1. 3.?oe 

L 1 resuLtj.ng ecl~.~.atio,s arc s!lc s?z!;c 3,s t h e  nicico?~.~-se c o r r e c t i o n  CP.!.CL!I.E.~I'LOI?S, 
except  f;ha>" ttc: soui-ce o:p ':.' 1.:; ' cha.~ip;e$ 3.nd I) i s  &i,lc;!lcllte:i zi; rc''. lo:.: s : 



fi \ ; 1,. .-< The p~ .og j ; -y~  ~7ti.s cons-i;r~~.ct=d. t o  ~ ~ i 3 :  tile rrliilcoi~r's? r.,z, .,, lii.!s, a n d  tilsii 

t o  g ive  a f'i_n,?,l sunirJ:.;ecl &>'::,IF EpbTT a t  Ji;lie eild. of' t k e  1~x1. The 31.i:; <tics-uc:rs-iors . i 

a.nd uilcer.-ta,ij.ltj.es i n  p o s i t i o n  a d  velocti-by v e r e  a,lso cc-jquted a.ncl p r i n t e d  
a t  each inteprat i .of i  j-- - -  step from t h ~  third -t;enmi~i-isl co r r ec t ion  "io ?;h.i- 250' 
termina. t ion re!lp;e. 

A lirni-ta:tion of i;hj.s s tudy  i s  that on3.y- tile case ?rilere t h e  U3:il: i.s 
a c t i v e  was coilsicl-ered. Alte:cation of t h e  ~.lor.k t o  h a i ~ d l e  t h e  case ??here 
t h e  CSiv; oi-bit. was rn.?.nipula:ted waul-d. r e q u i r e  changing t h e  co11:1iutation of 
t h e  -tra,l?si'r;ion mai;rli.x to t h e  t a r g e t  and cha,i~ging t h e  ra;nge/range-ra,ke 
sche&d.le i n  -Lhe t e rmtna l  s t a t e  t o  one su.itable f o r  CSEJi t l i r u s t ing ,  which 
i s  a s t ra ight f 'o rw~, rd  ex tens ion .  

T I ,  .' l i i ~ s  sec t iof i  ~.r:'-:l 7. oilt:l.ir!e the c j~7 . - r a~ .k ,3~ . i~ i : i c :~  of' ~ ~ , ~ T i i i i l . ~  p;eac::)i7e- 
ment schemes s-tudied . 

i? l7r1a r&,da;- c ~ ~ ~ ~ ~ i _ c ] ; ~ i . e ~ ,  2 3 .  -" L,ri.!.s " ~?1~.:2;:ti.&?$,$~ ';.iUs ;'::sz~. j.j2 %l()r??  -Q?.C?-. 

c r7 . - ib i_ .d  7 - -  ---., j ?, J-i . .. 
u ., - .- ;? J p-c :::.fi7Lj. z> y -:;x/2 5.c ~2 j:, -' . 5 .  ?----? - I ,A . -.Ll - - ,,j7.c: ~JI.<I.~o~+!.~~~~ -($aa.sc j ~ q ~ ~ , ~ ~ ~ ~  p > ~ i ? , ~ , j . - t , ~ ~ ~  

, - ..- range vpLr<ies sl.07i]_2-, Li!e rj,,C1.<~. ! , ; e ~ - ~ ; L ? ~ ~ < ~ .  i.iir- ., -. c; - .-:ri:;t2 %:~l<. t h z   el^-," z?, F(JL~ ?_TI_$ 

azi_rllu.i;h a~og le s  of 'ille l i n e  of s i g h t  frorrj s.n iner-Lia,l r e f e r e ~ ~ c e .  ~ r j . ~ z g  
-the "ierrnillal phase, ~rlien range --rate  vni-ies slo-cr:l.y, t h e  radar. neasured 
range and t h e  elevatli-on and a,z:i~ri'~~.-th a.ngles, In bo th  pha,ses, thts d.o:t$a i s  
assu~fled ~.vaila?;jle at EL one mi.nu.t;e i n t e rva l . .  The va?~ues  used. for t h e  s tand-  
arc? &evia;bions ( s . D . )  of .the .js:rio~.s ca l ibra ted .  e r r o r s  a.nd :'~n:ii;rial s t a n ~ ? ~ d  
d e v i a t , i o ~ i s  of t h e  b i a s e s  are t&ul-ateci be1 .o~ .  

Range Rsnge S e l l .  Range -R?, tc  3 .  D . 

)LOO n,111. -. 5 n.r:i. ,08335 t .33 fps  
~ L -- - 

5 n.m. - 50 f t .  .33$ 2; 6.7' .33$ + .33 f-ps 
- . -- .. -- --- - - I - .. .- -- -. - ----- -. - - - 
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.~. -- - . r ,  1 - ., ,., - - <-, :. . -  - i,lL<: i,; <.(: 2LL-  t,; c.,,LJ 7. l*;,!i,.;(~ ]-j-::~j..~,;.,j;j(2:! c!~.? 7 1  [ ] i - ! : j ? ~  F,C>-.:;C: -i 7 g?~<.,jjis 
i' _i - . 

cC:);i ;- '~ . . , .  r 

, 1 ~  ,--- c,j-O~~;;> 'c,;ic j r,,:.L-;.,>-, > ,,cl;-J- I. ~ ; ~ ' j l . ~ . , c ~ J ~  1-1 .C~ -~.- -. 7 -n--,- , . , ! - - l:ul, -tli2s, -.:?i.? -i;.c;t CQl'  

s:i.d.e:rzci in. .tE!i s :;-i;i~dy. 

1 1 , 1 ,  I of 5 rSa:rl;jt: 1.:;. as;$ ~ ~ ~ ~ l i . i l  b b3; ik -2 
or-fi3oard. ecl~~.Tpj?n-t ant? neasu.rer-ents of t h e  azir:~~~.'~b and. eleva:irto:r? 

~.gJ;i?-i; 11y -i;lle CSfi se2;- angl-es frol!~ an ine r -k ln l  refeveiice t o  t h e  l i n e  of s '  
t a n t .  This  &&a 1~2,s used i i l  ts.ro nodes; V H F - S E ~ X ~ ~ ? ~ ; ~  measurenlent:: 
dr?ri:ilg n~idcourse  ~a-~d. ranging  oi-1J.y d.-o-riiig t h e  -i;erjnina.l phase, a :d 
-- VIP s e x t a n t  n~easw-eitle_n_ts dur ing  on ly  t h e  riiiclco~~.i:ae phase i.!itti an o-0% - 

termi.i-xil. phase.  l i l  t h e  opeil t e r i c i an l  pilase, t h e  s t a t e  estima,te 3.s s i n ~ p l y  
propagated. w i t h  no a,d.ditional. n!ea,suremen"i. The data, i s  a.ssu-~ced t o  b e  
avai l .able  at  two min~xte ia teTva , l s  f o r  a,LL modes, A 152 n.m. DI~.x~.s?L~:~I! rarnge 
co~~s"iaLi?t was pla,ced on t h e  sex tan t ,  and 87 n.m, was t h e  rfinxi!!?um f o r  t h e  
V I P  range.  An. ad$- i t iona l  consJirai.n-t aaop-Led f o r  a1.l scheii,!es involv ing  
t h e  s e x t a n t  i s  t h a t  s e x t a n t  measurem-nts s-Lop a t  a reS.a.tLve range of  
15 n.u. This  c o i 2 ~ t ~ a i n . t  a r i s e s  from coiiflic'iing opera-tri_ona,l recp.ire- 
rfien-ts ~,dhicli prevent t h e  as.trona:it, from making s igl?"v.ngs bey on6 t h i s  poi.nt . 
The s-Landard dzvi.atLon used. in range was 50 ft., and_ t h e  ini2i.i.a,3. s t a i d - a d  . . d.evisti_nn i n  b5~a.s i.ras IC!3 ft, 'Z"re sex-hard -~rec,.s:ion A ~ r s s  ass~~.i!??d 'GO be  
exacJi.:Ly -Llic sari::: 2.t: 'c.he og-Lri.c<). -L~-,a,cker p:~-eci.;lni.i, 

8 .  Fin.al2.y) i.n t h e  sex-t?nC conf S gi~.i:z,~~ ion, -khe ay,?nutl? E L ~ C ~ .  elevn-i;?.on 
angles  of t h e  lrifie of s i g h t  i,.ri-Lh respec-i; 'GO an  incr-hia]. re fe rence  a r e  
ass~~.lne& a.va-ila,blc a,% a ir;,.ro i~:-in~~.te ~::!f?asi~:iemc:l~t i.n4iei-r~a.1 dur ing  the  m i d -  
co:1.rae I-il,ise on3.y en:;! s~ii,ji?c-t i~ t'r:ri. seme c~lls%i.o.i:n_.ts 3,s :i.n -?l:ric Vit:F1- 

f -, st..x-t~n.t cs  33  , 77' fiete:rl~r-,i . .~.. 11.:. .,. tile e:f'f'ec-t of sigilt-iig ~e:i;e or:_ - ~ n e  ~:.:~?J].C.DI, 
-! . . > 2. <, 0i2.c. ~ i ? d  t!.lr?e ,I i i ( i ~ -  ,,c' ni~;lsLi-:-~ii!.~n-~ ia-k,e;.v31:, 1rei.z 21 so i-un, 

V , RESULITS Al\TD DISCUSS I O K  

A CDC 3600 digi-ta.1 coii~puter progri?!n i n c ~ ~ p o r a i i n g  t h e  t r a j e c t o r y  end 
d i s p e r s i o n  extrapoia-Lion, rneasurzi;ient and guida.:ilce techn.i.cp.es cl~~tl inec?.  i n  
t h e  previous  see-Lions sums geizera,ted f o r  th-i:; s tudy .  !il?:is prograri was 
u-sed t o  ca.lcul3,ti. ENS correc-Live v e ? o c i t y  :recp~.iaerr!ent 2nd Ri.x3 -posi t ion - 

aynd veSoc:iJiy ci.ispersi.ons and, u.ncerta.in-Lf e s i n  t h e  ncigh'oo:cl~oocl of rnan-0-a1 
t3,keover f o r  docking ( 600 f -i . rc?.nge f o r  t h e  purpose of this st;u.clj-1 . 

A sing3.e Rohmsnn t r a n s f e r  from 50,000 f t .  'GO ralciezvou.s w i t k i  t h e  
CSM i l l  ai?. 60 n,m, circ-u.lar orbfit \?as s-bUl.c',ied. It h s s  -been s l ~ ~ i i i ?  ( refei 'ence 
3) t h a t  t h i s  t y p e  of trans-i"elb i s  a.pglj.cdol.e f o r  a b o r t s  I"i-or!l t h e  neighbor-  
hco& of h~i7t.i- as s.rell a s  TO-r t he  d2-i-eci; aswn-t case .  I n r i t i a l  coir9.z-i.ance 
ma-trices co-crespondinc; t o  t k ~ c  f'ol!.o~,!ing conc?ifi;;ions were obtained from 
refer-ence li- 2nd i.z.Ccr.euce 3. : 
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ciircr;.il.t s-;,,: 2 j~f5 , y + ; ~ ~ , ~ ~ s  , 
7 .  

I L-c !- CL- - i. &::C<'-rl-:, C O - , , . ~ < , f ~ . ? C - ~  (1. 
L 

, .  . For t h i s  pro'c~lem i.13 s i l i .c] ~ ( 3  ed t o  a l l  o:,i c o i q ~ , r  isoilis i..riih 8IT.5' r e  S U . ~ +  s 
it x.;;as assum2d t l l~, '~ ,  frl<i:i.al co->;z,r.iar!c rjj-?-trfc:e~. o? :?i~c.?r*.iai-i?ties 
and disper.sj.ons i;:er.e idea-l j .cal .  

A ].ist of the sys'i~nl eyi:o:rs efTect i~.re  durii:_,g veloci_ty co?:rections 
i s  included as t a b l e  1, e r r o r s  v e r e  he ld  cor!stznt tlnro~1.ghou.t t,hz 
i n v e s t  i g a t  ion. 

A prel-irnlnsry s t ~ c l j r  rms niacie t o  opt imize t h e  choice of t h e  c r i -  
t e r i a ,  p rev ious ly  d e s c r i b e 3  f o r  pernli-t,ting iniil.course c o r r e c t i o i ~ s ;  t h e  
r a t i o  of RI4E v e l o c i t y  uncertalin-Ly t o  '34s vel.ocity correctj .cn i.nci.emeii% 
a122 t h e  deadband f o r  minimum pe rmis s ib l e  R F S  7ieloc:ity c o r r e c t i o n .  
Trri-tia:l co-variance2s correspoizd.ing t o  t h e  XfC;C!:i and K I T  d i r e c t  a,scei:t 
r!lacles :.iere 11.se6 i n  L'r?:is ::o:ck. Ti~ese  ti,.:o i n i t i a l  cc-va-i.:~2,nce n::;?.lirices 
of ciisllers:ioi._s pi'c~ij:le .r: ~ 0 0 3  c ~ s t r a : ; t ,  sj~nce -the pj?c$CS cF.se hns 2 high 
det!;-,.--e:. cjf c~ :>?~~-e iz  2nd k h . ~  F:T3-.' C:B.se 172;; l-ej &t-ive];i l:i-L-tic_. corr.s.1 ~;,tio:ri. 
'I-' A ,,?<I c , L 2  L_._L,j 1 :- ,- a r - ; ?  -;,;--es-nt?d f;? ta:>]_p T T  -?p. 2 ~ ) l ?  - ( s . : $ - - -  ". 

..~.. - I J  - L,.-, , L < l F >  'uT:yr-.> z2t;:yh ::jL2~,Il . - ope= tc c~.~:~.:IP ~ 7 . ! . r " : < : ,  - ~.ild f 01- th,? 0 . ~ t j ~ 2 . 1  - ti.3 cl;;:~ . yl-ic i,Ei<..se:.;te!lt ~ ; r i - t ' i l  
V l F  'c,er.,i.ina.l phafje s?id. t h e  s e x t ~ ~ i l t  c?..?one 'oel?a.v?d j.1.i i;k!.e ST-iri? bia.y- as ti le 

. - 
VFiF,-.~ex._tsllt ti.1 0 . ~ 2 2 i l  ;::;e::fi;?.nsl phes? , 

1-L.s ;j--Lsc ;,-,,.oc~.-~..?~-<>2 . ' - - 
- - 5 the j-a.d :;1- -.- -, - *  , : . ,  Sj.nc.- t h e  c?~iciih::nd 

k,;.i-d- 3-fLC,tle j~;2~;j--L;~,:;~2;;~~ tI1r. $,j,. --, I--,, - .- -.-, , . .- ,GL~. - .  ~ . I ~ : J  J- ., L:,..L:lL~- ( 3.3.1 C G L - ~ : ~ : , C T I . ~ ~ ~ S  +:,c:!<.2d- 
L 
LO be l a r g e ) ,  t h e  d.ea,d'l~anr? 1:a.s f 'ixed a.t 3 fps an6 r a t i o s  of' .i; - 2 ,  . 3 ,  
.4 w e r e  w e d .  For the nominal case (PGI\!CS) a r a t i o  of  .3 173s b e s t ,  

~ , . L L . O  f o r  w h i l e  MT'C in-i.tial. cova r i a~ lce  gave a nlinii;iu.m a t  .4. The r-'-' 
-the r ada r  i.ra,s s e t  a-i; . 3  f o r  i ? ~ ~ . ~ t h e i :  s tu-d ies .  Both re-Lio and d.eadbslid 
weye va r i ed  f o r  t h e  VHy-.sextant case .  Rnt ins  of .l, .2 ,  , 3  and .4 were 

I ~ , ~ u ~ ~ s  a r e  i n  used-. and cleadba.nds of 1.. , 3. , 3.  end 4. f p s ,  These ----.c, 

ta8b1e . A ccnlpsr.li.son of t h e  no:iiina.:l a.nd i:I.T'l' cova.r.~.al?ce rt?su.l_ts g ives  
a rw.tiu.al ?>e:;-i choice of r a t i o  of .2 i.iit'rl a d.er?.r?F~~11.d of 2. f p s ,  a.nd t h e s ?  
valuer; +rere vsed Yo-r fii.!:ther ~ .~o r ' n .  Again, bo th  r z t i o  and deadban:? we2-e 
var*ied f o r  ti?? ~ p t i . c &  t r a c k e r ,  i.~i.th r a t i o s  of .I., .2 and. .3 and deed-. 
b~:~?ds o r  1. , 2 .  and 3. yps t e s t e d .  The:;e r e s i ~ . l i s  a r e  i n  t zb le  T:l:c. 
Cogs.,iclerzIlion of ?;oi;h fioii1iila.l and. 1.T1'f resi.j.lt5 l ed  io choice of a. 
ra-ti.0 of .2 and ciescIi-,=.nd o r  2 .  Yps a s  t h e  b e s t  crjmproaise i'or fu.rther 
o r .  A general conclus icn  t o  be note6  i i i  i h e  resu l . t s  f o r  t h e s e  i i r e e  
-jnstiiu.lnzilA; sc'r?_e:;!es i s  -th2.:.t 'ihc ru.el con:;ii.:.:gfiioil i s  no-i, st;-on:-ly- , - i) izlf?_?.?.enced. 
by :;;c%ll. variatio:il:; i n  ~~~~ r a t i o  and deedl :~ . r~d  p-:rz:ir;zters. 
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descr ibed  i.11 sec t ion  1 ~ )  v:?,s done. 

The r e s u l t s  of  -these runs aG3pea.r i n  t r? , -~le  112:.  The major co-ncl-~isi on 
t o  be  cir.a.r.!n Tram t h e s e  r e s u l t s  j.s t h a t  t h e  .l mi.2.Z.irad.S . D .  i n  a.ngd1a.r 
e r r o r  f o r  t h e  opt ics .1  tracke:? anti s ex tan t  colnbinations g ives  t h e s e  modes 
a. decide3 a,dvailtage o-lrer t h e  1 n i1 l : l r ad  (-plu.s) S. i), a-irgu1a.r eri-or of  t h e  
r a d a r .  Over a . l l  cases  i n  nomina,l mocies, t h e  o p t i c a l  t r a c k e r  performs 
bes'c, fol?-owed cl.osely by t h e  VH.i'-sextant and t h e  sex-Lant. Tine r a d a r  p e r -  
forma.nce i s  sorrlewhat, >poorer. The r a g e  o r  rxnge- ra te  r a d a r  inforrrxa,tion 
a t  t h e  s p e c i f i e d  p r e c i s i o n  does n o t  a.ppear t o  be  pa.i-titularly vnl.u.able 
cornpared t o  "Lie a.ngu1a.r information.  During t h e  l a t - t e r  s t ages  of  termrinal 
re-nciezvou.~ , hot]-ever , t h i s  informa,tion he lps  reduce t h e  u:[lcerta.in-ties t o  
very  low l e v e l s .  T1he very  good p r e c i s i o n  of t h e  V E  ranging nea r  i t s  
rna,xiu!-u~n range i s  he1pfu.l. f o r  ea1.-ly ~ n i d c o u ~ s  e co:rrec.tions, b u t  i s  n o t  
suff'i.cientl.;r p o t e n t  t o  aU_c>i tile col-!lS ina.t ion t o  o-vershac1o:r tlie o p t i c a l  
tra.c!;ei. ~,*:,.:'ilen t h e  ViZ?-,sex'ia.ni; i s  v.sed a t  i t s  sl-ewer opei-at-iuna.1 measiirei-r:c:(li 
r a t e .  

A. s i d e  p ~ f n t  is ti?e effeci;iv-e:rlcss o:T bi8.s esti::na,';l.oil i n  1-tlaal;il-ig the 
h igh  ang11.lar accu.racy i . n s t r - ~ e s  u.sefu.1.. A1.1 t h e s e  scheii~es su.l:,iect 
t o  -the r a t h e r  Large vncerka in ty  i i ~  p].a.tfom a.!.inr-m,ent. TCh_c a.bili-iy t o  
est.il-t:~.~&c t h i s  tyye  of erroy, di..-cctly ?:ed_ij.(:es t h e  i:rj:.or r;!llic'r?_ 1:li.;.sk be 
c1le:rged a.geinsi; t h e  ~n,~,si~.lr.i;_:g sche:!~.e fro:!? HS? bf e:;-i-,ecli,~:c~ pla+~;f'ol-!-_!;l 
e r r o r s  aid tali-bration eri:.:>rs -Lo t h e  calibra,-lioi? eyi:i?in a lone .  A p o r t i o n  
of t h e  b i a s  e r r o r  i s  s t i 1 . l  c l~arged  a.ga.iizst t h e  sc!?cme, s i n c e  tine va.ria.-ilce 
i n  b i a s  e r r o r  i.s accourlted f o r ,  b u t  repea3ccl measvrements reduce t h e  c o s t  
of" t h i s  e r r o r  considera,bl_y. 

It shou-ld be noted  t h a t  t h e  ea,i-ly mea,su.rement accu.ra.cy o f  t h e  sex ta i l t  
combinati.ons i s  s o  goocl t h a t  even a f t e r  r~un_nil?g thraugil  t h e  co~nple te  tenxi - -  
na.1. pha.se wj.t'n no ~ u d d i t i o n a l  measv.rerneni;s, t h e  dev ia t ions  a.ild ~ ~ n c e ~ t a i . ! - ! t i e s  
i n  t h e  d9ck j .n~  r e g i a n  presenk no problems. Since rfianu-al talieover can 
c e r t a i n l y  be i n i t i a t e d  rmch sooiler t'na.n tine 600 T t ,  raage coiisic1ei:eci h e r e , '  
t h i s  . indicates a. ma-rgin o f  s a f e t y  f o r  adverse 1igiit i .ng condi t ions ,  droppecl 
measu-remen-t s end t h e  1-ilie . 

F i n a l l y ,  even red~i .c t ion o f  t h e  a:cigu-lar prec is j -on  of t h e  op.Li.ca.1 
C t,rac?,;_er and S C I X : ~ G ? ? ~  con~bina-tic)ns from a. .I. m i l l i r n d .  S .D, "L a al. rmi l l i i t~ .d .  
S .J). does n o t  s igr i i f  ica.nt1.y ine re3  s e  t'ne r!!ea,sure of co r rec t ive  ~~el .oci+, ; r  
reqL~i?-edj  althougli  t h e  as:;ociakeii c i i s p e ~ s i o n s  a:~~d uncel*tai.nties i n  t h e  
doc!.:i-ng reg ion  a r e  cocisi.der.ab1.y degradeci. 



The r e s u l t s  ir~cli.cate t h a t  the  optj.ca,l t3rackei: i.s tile mast e f f i c i e n t  
sensor, folio;.:ecl c lose ly  by t h e  V-PP sextant  anii sextant  elane,  wi th  t h e  
radar somevlhai l e s s  e-i 'ficieilt .  nii s i s  t o  be expectecl, s ince  tlie starida.rci 
c i e v i a t i ~ n  3:r t h e  angul.ai-. e r ro r  foi- tile opt;ical. t rac l ier  and. sextant  i s  .1. 
mi.lll .rad,,  ~1herea.s the Tac?ar angu.lar a.ccura,cy i s  g r e a t e r  tk'a-n o r  e q v a l  t o  
l n i f~ l3 . i r~ id .  

r.1, 11-i. p,.-jhc<yal ESS~I~?I~LILO?~ , . iiic!-~~.de(i i n  t h i s  study th3.t shoul.13 be 
reI.  ,?., ----<-d v --, i n  fi.~.-Li.rc p;oi.:< :is ccns i<er in& the: CSiG stlj.te t o  b e  l,rec:i.se] y kn5:.:n 
, 7 .  - - - I .  - . , .  -. , , 
, 2 I 7 ,  1-17 p 2 r t i  c - ~ ~ % . t ? i , ,  .:,I:.. ~ c c i ~ ~ e c > ~  =;i' th^: czyltic2:i i r z c ; r t i ~ ,  

? .  - zyjd t':;:? sext.ni; e::>~;i.r!:.~-t< .j:c1 <c-,-,q:>.!?s L .... L, y~;.;:; iry,l<p <:IL;,< ~ ~ : ; ~ j . : - ; ~ ( j ~ ; . ~ . ~ ; ~ !  ~ l r p ~ ~ ~ , ;  2 . : ,~ ; ; y ia  
- 

, .  , .  -;>~.~,c:".;:,-r,~ j-s .t,ii? ~;-m-l-.,>:~ L T < - > ( - ' - > - . - ~ + ~  A ~ec-!.:: 3.ri.2 i!-:::.f; ~-e(l!-l.ir.es i!l;j-., in-,-,----- - . . - -  ,.-. I . L . ~  L, t , ~ - . i ~ ~  L, , ,~:>3 - 
of the rLt<:nc aiid - v a r ; ~ i i u p  :,f t i l l -  -,rel.--.-'-'--- ' . - -  

~ L . J . I . , ~  ~ r i ~ : c ~ ~ j ; ; e ~ ~ [ ; ~  ?:~~$.j:~.j,eci. LI;;. <?.>e $'is- 
persi7n:: , z.uc:l -that ;: c!lja:rlt"'iali.ive lii?a.si:::-p of' -bile rv.i.:l reccuir.enenC j s 

, .  , .  
<-erjvec], j\3-<it;j-211:i]- z:.ess tIl,?.t tie.il' i 1 3 - , - c > s ~ 7 : - z . ~ 1 ~ r - !  i- e:.:i---.<:- ,T ., C::C> t Cj ?, ::::?If C 
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+- 1 - .  . . . . , . . * . , ' ,  

.> 

-~-,:L,;!;S, yi-,e.Ft.~ ~ :> ; ; ; ; ; ~< ;~~c .> ,~7 ;~ ,L ,~~~~  <>-PC7 p(-,JG :,-; ? - , - , ; - - ; ' - ' T ' - - - 2 -  ,,:LC ~Juc~:-,~:L:~?,: o.,j.:.:p? C.:y-b,:;?: - -. I i -->._ i. 
L, 

for <he t'j-pe of co~!ipaj~iso:l clesii-c.5 i.11  he pl,sbl-cql 5 l; hs.nd, ji-0.t nia;..: 1 l a . v ~  
au? e:Kect on s t r ic - t ;  f u e l  coi?~lX2~jtj.C3il cclcv.la.tiuns , 



T.7 -, , 2, i-j -- --. -' . < , . - ,  

v >  t .  .Lb.. ~ . >  1 L,.(.,.,c-;:,- 11 (1. 1 !..!-L>j., 

1 . .  / \  
<;~!~~F<;~:~b,j-~>j,i. ! - ;8c , . ( , . r ' j> ;  \:( >I L ) )  

C ov '. '. ' ' arl , ,~ce m - t i . 5 ~  of v i n c t : i - - t a i . i ;  (6 x 6) OY. (9 x 9) 

CoVariai?.ct.: l:c!atr:ix of i .orr;:ctioi~ -fel.oc:i-by inti-ewelit ( 3  x 3)  

Error  i c  s t a t e  esti!na:i;e 

Gradient  rnatri-x lor t r a n s i t i o n  mat r ix  p2 , r t i t i on  

Measu.~emeiit grailiel~i;  v e c t o r  

Un i t  matr ix  (n x 11) 

Coup:Ling Matri x 

Coef'f ic:ient:; 

Acct.:lei-o:,?tc~- fict:,].e :?a~-i;or. k rya : .  VF;.:?!.E,J~CE:S 

? .  V e l o r , j  -.. . ; -~-  "y rcc,z, - . L L L , 2  -7e; ;2i--. ei-? TCIL7 r.-;>.---- 0 .,. L 1. 1.A - -  

LJ?]:L.-cSi,' ,-,:-3-i _ i__ z2<;;;iire -. _ 1.:: -.i 7-1 .,.-, \. 

lt :;..$I;-. -, 3 . .~:;t;3 

Radius v e c t o r  

T i!ne 

Tine a t  rende zvou.s 

ri 1 irrie u-ni;i 1. ren?,,e ZVOL~S 

Tilne bef 02-e an& af t?r a mea,sl-~.reirlen'i; ~~~~~~~~~~a,ti 013. 

Vel-oci t j r  Vect~;.. 

Sta.te Vector 

Covaricnce mzt-rix of cl:ispers?'.ons 



C~li; jy.~, .-Lc;! -,ja.-~~:~,i,~;; :i-n -,,i, .!.c : .-. , >  .,--.- L) L LL.>: p<; z;.~,~~;~.~l :.?- C! I * I , c ~ ~ ,  

- .  . - . ,  
',I ~ . j - ~ ~ , j - ~ - : , >  11 2,rJy\].-l.: :, VL-!,~:, (J; .< L-L[~(.; 2 ,; t I  \,- [J.-[;fc,-;-;;., _. .* , :,, - -,- t, .i - L.,2 -.,-, . 

~f I -,, L-. .- .,.--. , .. ; ~3;;-i jd< p r l  dz-" !.:+-,j c j - , ~  

82:s uncei.-ka:i.lj..ty in ~ ~ e i p c i - k y  

B.JL~ ,';reloci'ty req-- L~ 1.rGrl2dnfr * - 7-  7 -  

L-i:nearlzeti v e l o c i t y  c ievia t i .~n  

Linea.rizeci, si;a.te d.ev-ia-ti.on 

Linea:rized measureme~.~t d.e.vTat ion 

Covariarlce p a r t i t i o n  of correc t ion  imple!seii';ati.m u.nce~-tainti-es 

Reference -i;rajectory veloci.-ty increilient vector  

fifeo.su:re of cor-ree-kl:ve vel.oc<:ty recpi:rec?, by c?_i.spei-sio~7.s 

Cc.1 a,17iance po:~.-Litj.o.ii of eorl:ec-L< on 

Llinaz. g~-:j,v j.it~.-t,;~yc.:!. ~ ~ T ? s $ ~ ~ ' ~  

I 1  

TJa.17f~sp~i.r- il! ple-i;f'oj-j~l eg~? ] - ' i r  m t s a ]  ir!c.nii.n cs 

Transi-tioii nia-trix froai tiTiie t t 
0 1 

Wrasi . t ion  ii1a;tri.r ( f o r  g u i ~ , s n c e )  frai t i n 1 3  t t o  ti. 
1 



Vector 

- 
I ~i f'fe:-cntj.~;Li.on +ri-Lh respzct to time - -- 

TI~( ) Trace of 3, ma,trix 



e E? 
I. S .D.  of e r r o r  i n  p la t form en-;vl%r al.intaer:it, qX = 5 z= iZ z= 1.5 m~lliriL<. 

- il- 
2. S.D.  of e r r o r  i n  accelerorn-i;cr scale factor, x x y z  = 'X = IC =. 6-32 x 10 . 

-. 
/ /  - 

3. S.D. of th rus t  t a , i l -o f f  err.or.", CY*= .5 fps .  

i" + 
e~ '-5 

L. S .D.  of t h r u s t  dyr,a,mic mis s l i~en !en t  error., 9': (3 = 1.73 m i l l i r a d .  
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b. ) TC:3F - Se~.k,?~i-it,  @en Terminal 'Ehase: 
-1 -, . \ .:- : .....,, o z,r.nd. !Jea12$3,~2d Vt:ria%ions 
1 ::":~,~ld,?,~fi jiev.i.atic?~1 :Trrors 
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1. 11. St..nc?arc? 2nvi~:j;tion Errors 

I / Jdm5c-r 1 ;:;Llq pF----- . , _I! ,?a 
I 1 , .  

Cov:~,rt;l!nce Ibde / Corr:?ci;io:?? , ,,: ,>:\TJ >d-i. c: I.., , ::;,; " LOT ' 

i I 
I 

, 
I 

I i 

-1 , i ' l ' C  
JL ' . L  

I ]?,A. 1 
PGlsTCS 
PC~\T\.:CX 

I AGX I C . A ,  1 

Ellis ;qi,!i 
~j.qeysj-c~ns 1 ~p.~e::+;;;j~~.-~;j.~~:< 
, ->- * ?I ! > .- 7 * 
th :i 4- 'J \ ,-':- : *." ; '.. . , . , 

2. 1 SJirl-i?.a:.d Jjcvj a;klon Errors Except 2 
:;5:yA11c;ay2 :D-yi:~i;<o~- Lice of Sight 

3 . A .  Denotns 36rect Rsccnt 
A.E.13. Denotes A'aort fr~~rr! ::over 



b.) 7J.E.F. Sex';ant - l7.E.F. 'iL'crnina1 
Rn,tic! - .2  :?e:aZba.nd = 2. 

I 1 
! 
i 

I 
I Fcj.yIS 1 $-" [S i I i No. ; / ! ,. /Dispeysicns ~ T J L - - ~ ~ t ~ l - r > - ~ ~ - ~ - - .  ALL.. >C,..~!L :.F?S 

i ' -:.~\ i;LT,T % r . ; , j  1 .',-;.,~?rn I 1 Kcde Lorrectic.,~ I_________--- 1 - .  IVI  , ,.. , ..v i ~ t  ! ,'>.pi A,v 1 :L,;? I Covaria.nce , - I .. \ 
, -  ----- 

j r !I.IIT 'a I 3 i 2 ~ 1 . 3 8  i I 22.57 11-61.. . 0' 1102. , ,7 :- P \, 

1 

i i i i D.A. i 3 17.11-1 1 19.26 1x61. . 95 ! 1 ~ 3 .  :)< ~, 
a YC1TCS 

1 -,-b- 

- 

j -,3r:.r,1 or-, / n,~,;:, 1 2,7+6:3 : k i . ~ . ~  jl-gii.. 1.30 1103. e . (z. -, < I  \, 

! A ,  L . L D  i ? 
d 1 

1 ;I CS i D.A.. j 3 8 . 1  I 20.99 1175 1.10 / 102. . :,, 
! 1 r,.:.s 1 ,4.3*:3. 1 1 1  . I 5 7 1 23L :. .6& i LC~!-. ;2.: 

-.--- 3 - 

3.A. Denotes DirecS Ascent 
A. E. 11. :?cno"c;ec &bar-'; f"x+orn Hmer  



i ; n - r i  :Fd:E, i R J g  I n r  '-' 1 1\Tu!nnu er ,..,?*' . J , ,,'.',; > * - .  - i i , . 
Covari-.nce l)bde / Corrcct$c:!r i Dispersiol~s 1 LTncert:; j n 23 L C ,  

I I 

1 ! -:,,7 ;>~.?,? ;>$.ji 2. ; - , l . / , L ~ ~  , , :.\y . -- / k.. l?. , *\ T!,T 
-3 - 

i 
I I / /- MI- ?).A. I 3 20. j2 1 22.5:. '266. .?i5 236. . (-$. 

i- i 3 L o r  j li.i2 I 266. 9G ; 235 a P ~ t C S  I ,, ,: ,-) 
, > ~c;~,~\Ics 3 37, j? 42-77 ' 288. 1-31 i2:,6. . :I> 

3 - i8.G I 23.95 2r/4. 1-11 235. * ;+ i?lc-s 
> I j < 5i;"ii.5 ! 31.6. 1-69 ' : a'" L ~ l a  "'7 ;'1!3 J u , -  

i 

2, .1 S t m d a , ~ d  ,;?evia,t,ion Errors "Except 10 
$ f; ::I.:?& ?:c ;?e 1 5 ~ < -  :., :k, 5- 01% ?.,5~.e of S 5 ghk J L ~ ~ L ~ S - , ? , ~  EI:*YOI? 

-r- . Y----- 

I , '. * i i ~i/ ls 1 y,:;.: 



A 

pL = 51.1- ' . 
1 stag:i::,?:.:i Devie-L-i:~:: F:u.~.ors. I. 

---- 
I I I;T1j_rnno c i I I RliS I Xh' 1 I .i 

! 1 1 
; Ccva.ria,~ce i yode Correc"iifi:?..' 1 x[q 1 , , / Dispersj.ofis 1 Thcc:*k::.I::':ie~ 1 
8 , ..-: 

1 ::. ",,T 1 i 
! t ' :- .__I_ j 

! i ; z.94 i 23.97 1463. * :.: (! ; i 3 ! / 

i 18.09 i 19-95 ,405. > ;, 1 -r?,~~,i/?r~ i .- J.. v b,, 1 3.A. 3 .93 13130. * .., ~2 , 1 7 j !  n:- l i ,  1 :GNCS A.E.15. 1 1 3 1 3C7,:;q ; ).:1!.,3G; 14.55. "I-r,? . j i 
8 i I *, ,- : 

ncs D.A. I 3 1 in.69 21.64 1410. 1.13 385. 
-.- 

I .>o : ! 1 1," : -9 - 56-75 1475. 1.70 ,!42!L 7, .) ; PIC-S I !i*E.I3- 1 " 3, . -', 
! -- I- 

2. 1 s'~;~. nc!:>.rii De7,ri?,i;ion Errnys Except 10 
Stnfi?.;:rr?- :iie-L~j-ai;:;.c:,:l Line of" Sight 
-hgu.<:?-: Z<?.~:r iir . - - [ 

T'?',];: I PJILS i I J.u: ... i 
j I 
1 s -. , -..! TJisnersions 1 Uncc-rtc.j-'!:-~:i~2~ 1 
j Cc.v~rie,nce A 3 .:!.V j / : , g  . ,', .- T ,I . 
1- -:----------- ,- I I 9 ! 3G,3'7 1 33,5,6 j 34.0. 3.01 j3!-?0. ;-! . ' ,' -) i \TIT 1 D.A. I - i :  1 
I - -  ! 

8~ 0 

pn-?;.(~n 1 D.A. i -- I i 17." 1 Gc%.~ 1340. 3.40 131.10- ; 2 * r ; ~ l i  1 .- ,.;:i,. L!,2 I 

i ~s:raCS / A.Z.E.. 1 2 1 , j 5 3 . 4 4  1341~. 3-30 1339. 2 .  ' / ') 1 
I 3.3'7 1 ""I" 

-1 ! ; I .  / 58.30 1327. j JLL, . 2 s ' / ' (  ' 1 nG-s / I -- 
A n 1 2 I &+;jy 1 68. )ll.c j 333 . 3,112 j338. :?- '7:; i j AGO 1 1-1 . i l  . :-1 . I 1 



e . ) Sextan" Open Terrni~2,i . i  Xi~ '! i1~lng Frequency Comparison ., - " 7-"7"  Xatio = .2, j>e2.2.'~29<~ -- C: L-,t!.,;- 

$,"&s DI;.spersior,s and [t~ccrt=.in-tiex aJc a range of' 611' . 

D. '4. Genotes Direct Ascent 
A.B. I.:. Denotes P2~orXroom Eover 



TliELE IIT. PEmOR#NAICE OF WASbT8l:r%I'P SCI-XKZS ?OR VmIOUS IRITL4T; COVA.RINCS :?Yi'iSICI:S 

f.) Optical Tracker Performance 

PLVG Dispersions and Uncter taint les  a t  Range = 611' . 

I I i FXS 
! ~ovo . r i ance  idode 

i j v i 
! 

1 ' 1  MTT D . A .  1 , ' 18.83 1 21.03 1137. .gs  1 32. . q 7! m 

-. I p r- 1 PGKCS C.A.  I : I 16.1-5 i 18.12 / 133. .95 I 2,. . 'dl: 
.,I 

I ) PGXCS 1 A.U.H. ! 1 37.12 41.27 1 173. 1.30 1 32. 6: 
I 

" _ /  

1 i P,GS 1 D.R. 1 3 ! 17.51 20.34 1 18. 1.10 29. . [,?:;I 
i AGS i AsFleH.  1 3 

! 4I4.L.5 i 52.59 1 214. 1.67 i 39. ,p ;< 
I 

. i d  

I I I i I -- 
; i i 

2. 1 Stsndard Deviation Er ro r s  Except 10 
C ' ' - ~ - ~ & , r &  id CI I- $... ~ ~ ~ v i . z , t i o n  Line of  S igh t  
/1j-' V T .  8 1 lLa -Y. 7 i ' v . i -  

A>d u.- ,-. k -- 2. 

. j- -- 

I 
':; i R I ! ! 

3 
J 

3 . 

, j  AGS 
- 



r - -7  , . . . , ,3is s4);;.~,3-;;,; $.c-,-,~?:!-o-p;; <,:-!(: ~ : i . ~ ~ ~ ~ : , ~ - i . ~ c 7 , : ! .  < ; C ; ~ ! L , I , ~ O ~ I ~  C,I< I . ~ U L , L G ~ ~  - . .~ - - 
-t;he Ls i 7Liil,-: . A ,- .- , .,i-. -. , ' i o; : i :P!:c~rjz: y?i;io:i o:" -L?le co:.i:_?ri;;.i?ce 

1- .> 
, . , r .  , .  , " 7 i!~a;~,i-l- ,ys b->r i';!::?:;~ py '~113 $ , - c : , ~ , j ~ ; ~ i ' i ~ ~ ~ ~ !  ;,[L-C,x':l.;T 1s a,:!.~' ? L ~ ~ ~ ~ - ' l b ~ - d - *  

, . Considel; -tile aj92gj.c ec;?Ja-cio,ns of i;he s t 3 . t ~  of th? ?~chj_c:.e fo?  
a. silnple inve r se  sq?,ila.?-e cc:nJLral. f o r c e  field; 

IT t h e s e  variables a r e  ~ega.rtLeCi a s  reference  qu.&intities axd a re  
per'iur'oed: t h e  per . turbat ion equ-ations ( t o  f i r s t  order) are ;  

The assert i .on is wade t h a t  



, .  . o:-;' 5 li-p:-:-.-,- ,jif:f,e~-e:li,i.~~L cou;.i;i.ci-; i;f tci- :  ' i .~7-\~ a:r;_d sirice ti!lc: e:iluti'c?il . . . ., -- .- 
fo r  gi.ven i n i l ; i a l  cl; i ldit ions i s  u n i w e ,  tile a s s e r t e d  eo,u.i?.-iion !-:!~~st be " ihe  - - , . s o l u . t i ~ n .  yfie ma,t:rix:;(i;, t ) i s  ca.Ll.ed t h e  s k t e  t~ -ans lk i r jn  rfia,T;rlx, sirice 
it pro-,~ide; a tr ; l i i i t i .n ofot'io s t a k e  from t i ~ m  to t o  time t .  

Now c o ~ l s i d e r  1;he d e f i n i t i o n  of t h e  covaria,nce matrj.x of d i spers io i l s  : 

C ,  --- -..d .,-- 

' -1 K (J -) .- \ "7%- - - j 
- 

i' -.-- \ c. , - '  ;I; CL I . .  -7-1 
c: / J - . . , ,  3 & : jl . - 2  J 

/ --- 

\ 
and s i n c e  &ckfr. . I , is d e t e r m i n i s t i c ,  

. , 

If it i s  observed t h a t  t h e  u.iice-rJ~ari.nty -- e(- i )  i s  a, peTt;ur'ua,t.ic;n o r  the s t a . t e  
j u s t  as  he 6ispe.i-sion vec t? r*  < j ~ ( t ) ,  - and heace ob~eys t h e  s a w  d?ifferelltia.? 
e:]y".'~ion, it f'ol.!.c?;:s tThat 

. .- ? 

Sul-m.r izing t h e s e  cievelopinents : 

Thesc a.1-e t h e  ccpz.i;ims r equ i r ed  f o r  e;ctrspolat;  I on .. of tile ei-rsi-,s. 



, ,  8 .  , . ~53 s ~ , - l ~ ~ , ~ ; ~ ~ . ~ : , : .  L:::? - l equc.:,2.:-,0 f : ~ ,  -L11:: sj,,ii:.:,l. - l - l ~ ~ i : n , t .  Y.i:i.it:r. 2ev.ised 
by K*.lmi;l t?;~? l i nea . r i zed  nlod.els c :or i -espondi~i  -to t h e  v ~ . r i ~ u s  measu:!.e- 

- -  . men;; s chimes al-e - 'J.'ile tres.hi!r:ni; of' %he allgulai- e l ~ i ? r  cS.liI?~.a-. 
t i .ons f o r  weight ing - t he  mea.sui-ernents i s  a l s o  deecribeci. 

n- l h e  naviga,tion f i l i e i :  f o r  a space mission i s  r e q ~ ~ i ~ e d  t o  so lve  t h e  

f ~ l l o ~ ~ j  lng  problem; havi.1ig soi~ie i n i t  ia.1 e ~ t ~ i ~ i i i t t e  of  t h e  s t a t e  and o f  t h e  
i n i t i a l  va r i ances  a.nci coi*relat8ions of  t h e  e r r o r s  i n  t h e  s t a t e  and given 
a measurement corru-pted by re.ndom no i se  and i t h  fewer independent p i eces  
o f  i n fo rma t io~ i  tlzen the re  a r e  elements i n  tlie s t a t e  t o  be  es t imated ,  t hen  
how can t h i s  measurenent be u-set! t o  g ive  t h e  gi-ea.test ilnprovement ( i n  
some selise) i n  tile s ta , te  e s t i . x s t e .  Tyyica l ly ,  rfil.nlmizatinn of  "ce s11m o f  
t h e  scpayes of  t h e  e r r o r s  ij? t,he esti.mai;e i s  tile perrfor-rca!ice c r j - t e r ion .  
I n  refei-mce 2 ,  Krilrnan ha,s devised a geliera.3 scl.~~.%ion t o  t h e  l i n e a r  prohl-err?. 

it 

where 2;': i s  t h e  pertu.rbati.on i.n t h e  s c a l a r  rfiea.su.rement due t o  t h e  d-isper ston 
< . ,:,, , a.nd t o  f i r s t  o rder  

c,!::.., i C -  .,,. 
cc-J,. -- -.> >, .\, . i 1: A, . . ... ... . .. .- * 

 his js s t e t e d  x i t i lou t  procf s ince  t h e  procii' i s  ava.l.lable i n  
re ference  2 a-nd elsewhere.  

111 i;ize l i nea . r i zed  e r r o r  e n a l y s i s ,  t h e  only  va,ria.bles of i n t e r e s t  a r e  
cova:cia.nce mat r ices  of d i s p c . r s i o ~ s ,  esti~:!ated. dispersi-oris a~;d ur?czrtai.n- 

t i . es  , A ~ ~ r o p e r t y  of t h e  k'.iha-ci f i l t e r .  i s  

Using t h i s  p r s p e r t y ,  t h e  es',-irii-i.tecI. d i spe r s ion  r;iatr:ix caii be expi-esseil 
d i r e c t l y  a s  

Corisequentl.y, t;;e ??il:r ~;int-rices r:hi.ch i:!i1.3 k be >:el) i a r e  % (  L )  ?i..'lc?. C( k )  , 
.1 2 . r n  I ch ~ $ 2  be d,.~lr!e 11 tt:rL=-L~.-i; ~.esc . r t t j  nc cci:r:pl?.tiy~; 'i:cle a,cti2<nl esJ~j!(?;3<t,e ,, L - z  i> 



. . (+i-,;en tbLe ff]_-t2ri-r12 ., - ~ h : > - ? -  -. .L.-.L,. ;~.iuz\,~;2 tl;e no-,,+- ..-. .- d c c-F-.-- C ~ L  IS ; ;g  (icVe,lr:, t?'. ?! 
--- 

mat r ix  f o r  the  nieasure~rlen-t schemes of i n t e ~ ~ e s t .  Rather t!ien -trea,~;ing the 
par t ic i r la r .  kic-i.u&:~a.re a r t i c l . e s ,  gei~cr .el  t ~ i n e s  % - of' iileh,:,suremer1t;s w i 1 . i  be con-. 
s i d e r e d  and l a t e r  combined as rec~uii-ecl. The axis systela used i s  sketched 
belop1 : 

depotes  $l%e r ~ _ l ~ t i ~ e  p ~ ) s i t i ~ p  \izrzt;or betr:::en f,::e CSI/I 2nd ~ , ~ ~ : ~ ;  

.. . , .' , "> . ,; 
,., -" - 1 :, c -  .:, 

' >  

and 2: *. 
r , \ . I' - . j i---- .- ~. .: --.* I., t:, ! /, 

The range measurement g rad ien t  vec to r  :is detenninr:d by: 

The ~na:n_ge-~ra,te measuremei~t g rad ien t  vecJior i s  deterics-nined by: 



and 

'Then the c l e - ~ - a % i o ~ ~  ang1.e ei - ror  gi-adient vec'Lor. can be foui~d by: 

' 1 . Y . - ..-. , i C' 

::> \ ,f ~*, \ ,cj ' \.*.\ 5,:; 
*-- 1 .  : - -  -.- - ~ -  

I L :  
SLI-bs t5.tui;izn.g back, and i;ri.'ih s one aci(:Giti.ona.l rfiarlipu.lati.07,i 

, l:>.en ill  use the e - i p l i - o i i  r e p r e s e n t a t t o n  of /L. a . ~ d  A - 



. , -  For tile a,rl~-;;~~-i,~ 2neZ.e erj:aia g1:a<ient, def'ifle 

Idali-ing t he  a,$~?-opria.te s~:bsti.'i,utlc~ns as i n  '~he elevation cese, 
where in o.dd.iJcion 



r7-q- <. 
. . 

I.. l t. t9-(-.-r7T-,- < c -b,*>.,,,$.l 5--<! T-,I-,'-> j',-,-11<-,7- -.. L; . J.. . .,~... " .. , .. b __.J,, 
. ; , , , .  , ,  ~ - 7  .--- L j  1 '  ...L I 

noT,!, .let, CL the -khc angular dcvix'ii.on diie t3 Lns-Lri?li:ent errors, 2nd 
let it. i.ie entirely in :I plsrle llhi?::e -p~7].i?r n-ir.felrt~:tioil p.bo-~~.-t the 

.a m reItir.;:?lcc liii. 93: s-i-gi;-[; ,r, is 6,ef i.li.cd by t!:e c71.~:i.:: ,'I!, . i'neg, 'GO 
/- --- ?-i -? s-;-z <-. - a 2 .- .-. uer., 

- ,o . g, ": L;:- [: < >,:> , -.> 
(-. 

As su-me that the ag1.e d is a, norm:;,.1_9j~ di.stributed r a n c l ~ n  !;2~a.riab?.e 
wit11 zero meax, ;nd thzt is a ranc3.i-n va;la1ole xmifol , in ly  distributed 
ovei." (0, '7;" ) . Then 

.- --- 
~:&ere ,;,<id is the -\,;1,1:iancc ill, c/: ; 5fid. 



Since t h e  er:cors i n  t h e  a,s suned conf igu.~:a.-t:ion ai.3 u:n correlatecl, t h e  
ass~~.r;12-bion tha-t they can be t r e a t e d  successively a s  sca.lars holds . %ow- 
e-ver, i n  t h e  rea.1 c;.se t h e  cila.ra.ctei:istics of giniba.1~ a.nd OU-tput signal. 
genera'iors wou-ic? pro?~a,'aly. cause a ccsri-elation t o  exis'&, and t h i s  e f f e c t  
should be c'ncckcd vr'nen e i [ lp i~ica , l  ca, l ihra, t i~-n inf oi:ma,ti.on becomes availz.'.'ole. 



This  a,ppendix t r e a t s  tl1ri.s i'orri~ula.i;ion o:i' t h e  midcourse @icla.nce 
tecb~.io;t?e slid tb.e tcrc;lnl.;:L guicl.nce techmic i~~e .  

For t h e  r11i.dcou.r~ e  problem, t h e  ac tua , l  guidance system w i l . 1  u.s e  
t h e  s o l u t i o n  t o  Laccibert ' s  problem f o r  some 1-eference t a r g e t  p o s i t i o n  a:nd 
a referei lce t r -axsfer  t ime .  This  f i x e d  t ime,  f i x e d  t a r g e t  problern has a 
sirirple I.inearizec1 eq~xivalellt; u s ing  t h e  t$a .ns i t ion  mat r ix  -9; (ti., t ) r e l - a t i n g  
t h e  s ta , te  dev ia t ion  a.t t ime t t o  t h e  s t a t e  dev ia t ion  at tf, wi th  7j' (tf , t)  
cornpu-ted along t h e  re ference  t r a j e c t o r y .  TLius, t h e  d i s p e r s i o n  s t a k e  can 
be propagated by: 

Iierlce, p t ; r t i t i  oning t h e  ' j.! S I C - ? , ~ : ~ ~ X ,  

. . ~- -1 

L,ea.ds t o  t h e  r equ i r ed  v e l o c i t y ,  

Tile change i n  7 . r e l~c j . t .~  a t  a. c o r r e c t i o n  i s  the cli.I^l"erence 'ae-t.ve?n ti?e 
di.speTsion v e l o c i t y  p r i o r  t o  a  correc ' t icn alrlci t h i s  r equ i r ed  velocj.t.j,  i. e .  , 



BIJ.~,  as w a s  seen in A:ppcrldix f3; 

Expressing the complete cha-nge of state, 

Hence 

1 '3 





, - , >  -),,;--r,---,. 
I.!. L L -._I.I..J? ill 

'i- .- t-,.3e,3 c-:' -,. ,'(-.,'. , . 
- ',<I L ) ,* - a ,  - ~l;r, .c;-~, - a r i , s e  dur.r-.ilg - 2 \!C:~:I c i t ~  coii_.ecc~;~:;_, t.r-yci.;; 

dx1.e t o  rcLe dyila-rilj.cs of yne con-brgl sc?nmc and ~ : ~ i s a l i n e m e n t s  o f  t h e  ti?T-Uster, 
e r r j j - s  du-e t o  i~i,:c~-ly;:.cies in inertTit l  :re:fel:tnce sc?cr,ie. I n  t , h i s  

si;i~.&~r t h e  foi.mci. e r r o r s  \!ere assi~:ro.ecl t o  r e s u l t  i'r3rii a n e t  ang1z.l-er oi'f'sct 
u ~ c e r t a .  j.n'i.7 a.nd 2 t h r u s t  t a j . l c f  f u.ncer.tn.int;~-. FOT t h e  srm-lll v e l o c i t y  
&al?ges co:.lsidered; t h ~ s e  shou1.d be t h e  p r i n c i p a l  e r r o r  soui-ces. Deta.rils 
of -i;he <ieveloplnellt or t h i s  t ~ r p e  of e r r o r  are conta.Lned i n  6. 
resulting ec~uat ion  i s  : 

- . . a;idii;i.oii, t h e  princ:ip;~!. inerti.a.1. rei 'erence ci:ro1.s, i.. E:. , the a.ngu- 
].ar alinel,lcni; unccri;u.inti.es 2nd ~.ccel~eroiiiei;c;r s ca.le factol-  e r roy  , we]-e 
a,ec>iji?t~:d yon* . Tl-i? 1-esl~'.ij~qg e1.i.o~. rp-'- - .<A Ljj.? 1 ' 2< 2. ' S : 

---...-.,- 
$ *I Ti-. 

n 3 a r e  ?;he varia.nces j n t h e  accelerc;rr!eter s c2,l.e f ac t .~ i . s  
"5% 8". end &,  tq .... 3a.re 'che var iances  i n  t're p l a t fo rm mis21i!lelnen-t angles .  
3 - % a  4 

.y\0 
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